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REMARKS 



Applicants thank the Examiner for the thorough consideration 
given the present application. Claims 1-3, 5, 6 and 8-11 are 
currently being prosecuted. The Examiner is respectfully requested 
to reconsider his rejections in view of the amendments and remarks 
as set forth below. 

Entry of Amendment 

It is respectfully requested that the present amendment should 
be entered in the official file in view of the fact that the 
amendments to the claims automatically place the application in 
condition for allowance. Alternatively, if the Examiner does not 
agree that the application is in condition for allowance, it is 
respectfully requested that the present amendment should be entered 
for the purpose of appeal . 

Rejections under 35 U.S.C. §§ 102 and 103 

Claims 10 and 11 stand rejected under 35 U.S.C. § 102 as 
anticipated by, or in the alternative under 35 U.S.C. § 103 as 
being obvious over Arakawa et al . (U.S. Patent 6,297,920). This 
rejection is respectfully traversed. 

The Examiner states that Arakawa et al . teaches a method of 
compressing lumber using a shaping jig, A vinyl monomer is used to 
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fill cracks and vacancies in the. wood. The Examiner points out 
that these claims are considered product claims and that any method 
limitations are considered product by process type limitations. 

Claim 10 describes a permanently compressed lumber having a 
combination of features, that include being formed by compressing 
and dry heating porous lumber, in which many holes are formed in an 
edge portion by pine wood nematodes, which remarkably reduce 
density of the edge portion, in a compressing die including a male 
die section and female die section, and having flexural rigidity of 
130 Mpa or more. Applicants submit that the reference does not 
teach this combination of features. Likewise, claim 11 teaches a 
permanently compressed lumber having a combination of features 
including being formed by compressing and dry heating porous lumber 
in which many holes are formed in an edge portion by pine wood 
nematodes, which remarkably reduce density of the edge portion and 
including a functional additive which is filled in the many holes. 
Applicants likewise submit that the reference does not teach this 
combination of features. In particular, Applicants submit that the 
reference does not teach the porous lumber as described. 

This type of lumber has many holes formed in an edge portion 
by insects called pine wood nematodes. These holes reduce the 
density of the edge portion. Concerning the term "pine wood 
nematodes", this is the name of an insect. In the original English 
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translation, the term utilized was "pine bark and wood borer, 
etc.". This name change is an attempt to find a suitable English 
translation for the name of the insect. Applicants are submitting 
as Exhibit A, a document entitled "The Pine Wood Nematode and the 
Japanese Pine Sawyer" by Yoichi Kishi to support the use of this 
term. 

The cited reference teaches a method of compressing and 
shaping lumber into a desired shape including the steps of: 
preheating the lumber, whose moisture content is 10-80 wt% to 
around 100°C so as to soften the lumber; and compressing and 
shaping the lumber in a fluid. However, even if the lumber was 
preheated in this manner and compressed, the compressed shape 
lumber is not sufficiently fixed. This problem has been described 
in a document submitted herewith as Exhibit E from the Journal of 
Japan Wood Research Society, Vol. 44, No. 6, pages 410-416 (1998). 
This documents discloses a method of heat compressing wood. In the 
method, wood specimens are compressed by preheating the specimens 
by irradiating with high frequency waves until the inner 
temperature reaches 100 °C and compressing the preheated specimens 
with high frequency heating. Recoveries in the longitudinal 
direction of the compressed specimens are shown in Figures 4-7 of 
the Journal. The set recoveries in the end parts of the specimens 
are greater than the center parts. Accordingly, the end parts of 
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the specimens are insufficiently compressed so that the shapes are 
not sufficiently fixed. When a restraining jig for restraining, the. 
end parts is used, the end parts are also insufficiently fixed (see 
Figure 7) . Since moisture in the end parts evaporates in the air 
from the end faces as steam, the end parts cannot be sufficiently 
compressed and fixed by high frequency heating. On the other hand, 
in the present invention, the set recovery in the longitudinal 
direction of the test piece is not changed. Accordingly, the 
lumber can be sufficiently compressed and a shape can be completely 
fixed. 

Applicants are submitting herewith an experiment report as 
Exhibit B. This experiment report verifies the problems of 
utilizing a method such as this. Accordingly, Applicants submit 
that the present invention is not seen by Arakawa et al . 

In particular, Arakawa et al . does not describe lumber in 
which holes are formed on an edge portion to remarkably reduce the 
density of the edge portion. Thus, the use of the method of 
Arakawa et al . would not produce a permanently compressed lumber as 
presently described. Accordingly, Applicants submit that claims 10 
and 11 are allowable. 

Claims 5, 6, 8 and 10 stand rejected under 35 U.S. C. § 103 as 
being obvious over Viitaniemi et al . (U.S. Patent 5,685,353). This 
rejection is respectfully traversed. 
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The Examiner states that the reference: teaches a method of 
compressing and shaping of wood between upper, and lower compression 
plates. The ends of the wood are not in contact witfr the plate and 
are therefore exposed to air. The Examiner states that compressed 
wood is also heated while under compression., The Examiner feels 
that the flexural rigidity of the 13 0 Mpa^ would be inherently 
contained. 

Applicants submit that the Viitaniemi et al. reference shows a 
method of two- stage compressing lumber within a pair of plates 
which can be heated. A compressing force of the second compression 
stage is smaller than that of the first compression stage. Lumber 
which has been first compressed recovers its shape at the beginning 
of the second compression stage so that the second compression 
stage must be executed for a long time in order to compress the 
lumber and make the compressed lumber have the prescribed 
compressibility. The end face of the lumber clamped between the 
plates are open. If the lumber which is compressed and whose end 
faces are open, is heated to 100°C or more, moisture in the end 
parts of the lumber evaporates in the air from the end face as 
steam so that the end parts cannot be sufficiently compressed and 
fixed by the heat treatment. 

Claim 5 describes a method of permanently compressing lumber 
including the steps of compressing a porous lumber in which many 
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holes are formed in an edge portion by pine wood nematodes and 
which remarkably reduce density in the edge portion /f the porous 
lumber being accommodated and compressed in a compressing die, and 
dry heating the compressed lumber,, the compressed state being 
maintained in the compressing die for permanently compressing the 
lumber. Applicants submit that the reference does not teach this 
combination of steps. In particular, the reference- does not 
describe the lumber as having holes formed on an edge portion by 
pine wood nematodes. In fact, the. reference does not show or 
suggest the use of such porous lumber at all. 

Applicants are submitting Exhibit C which is a photograph of a 
section of porous lumber. In this lumber, many holes are formed in 
the edge portion by pine wood nematodes- which remarkably reduce the 
density of the edge portion. The lumber was soaked in a solution 
of iron oxide. The edge portion of the porous lumber including 
many cells was wholly stained black by the iron oxide. The 
strength of the porous lumber in which many holes are formed is 
normally very low. On the other hand, in the present invention, 
the useless porous lumber is heated in the compressed state so that 
the porous lumber can actually be used as well as ordinary hard 
lumber. In view of this, Applicants submit that claim 5 is 
allowable over this reference. 
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Claim 6, 8 and 9 depend from claim 5 and as such are also 
considered to be allowable. In addition, these claims recite other 
features of the invention which make them additionally allowable. 
Thus, claim 6 recites the flexural rigidity of the lumber while 
claim 8 describes the non-contact face exposed to the air, and 
claim 9 describes the functional additive. In view of this, 
Applicants submit that these claims are additionally allowable. 

The Examiner also admits that the Viitaniemi et al . reference 
does not teach a die having male and female sections. The Examiner 
feels that this would have been obvious to one skilled in the art 
in place of flat plates, depending on the desired final shape of 
the wood. Applicants submit that this feature would not be obvious 
without the teaching of the need to use die sections having this 
shape. Accordingly, Applicants submit that the claims are 
additionally allowable due to this limitation. 

Claim 10 describes the permanently compressed lumber having a 
plurality of features, as noted above. Applicants submit that 
claim 10 is also allowable over this reference since it also does 
not describe the combination of features and especially porous 
lumber in which holes are formed in an edge portion by pine wood 
nematodes which remarkably reduce the density of the edge portion. 
In addition, the reference does not recite the flexural rigidity 
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value. Accordingly, Applicants submit that claim 10 is likewise 
allowable . 

Claims 1-3 and 9-11 stand rejected under 35 U.S.C. § 103 as 
being obvious over Viitaniemi et al . in view of Arakawa et al. The 
Examiner feels that one of ordinary skill in the art would be 
motivated to use lumber with a low water content as the wood in the 
Viitaniemi et al . The Examiner also feels that one of ordinary 
skill in the art would be motivated to use functional additive to 
fill cracks. 

Amended claim 1 describes a method to permanently compress 
lumber, including a combination of steps of compressing an air 
dried lumber whose moisture content is 12 wt% or less in a 
compressing die without preheat treatment, the air dried lumber 
being one-stage-compressed with a compressibility of 50% or more, 
and dry heating the lumber where the compressed lumber is air 
tightly accommodated in the compressed state. Applicant submit 
that these references do not teach this combination of steps. In 
particular, the references do not show the describe moisture 
content. They also do not teach a compression without preheat 
treatment in one-stage-compression. 

Applicants have now utilized the term "moisture content 
expressed in percent" . This is an expression which is described in 
the document "Mechanics of Wood and Wood Composites" on page 40-41. 
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This document is identified as Exhibit D. The moisture content is 
defined in this article as M= [ (w a -w 0 ) / w 0 ]xl00, where. M is the 
moisture content expressed in percent, w a is the weight of the 
sample prior to drying and w 0 is oven-dried weight of the sample. 
This parameter is different than the water content described in the 
references. Since the references do not show lumber having this 
type of moisture content, Applicants submit that the claims are 
allowable. Furthermore, claim 1 describes the lumber as being 
without a preheat treatment. Also, the: lumber is described as 
being "one -stage- compressed" . This differs from Viitaniemi et al . 
where a two-stage compression is utilized. It also differs from 
Arakawa et al . which uses a preheating step. Further, the claim 
describes the dry heating as having the compressed lumber air- 
tightly accommodated in the compressed state in order to formally 
compress the lumber. Applicants submit that the references do not 
show these features even if combined. 



13 



Application No. 09/869,693 Docket No. 0038-0363P 

Amendment dated December 2, 2004 Art Unit: 1773 

Reply to Office Action of August 2, 2004 Page 14 of 15 

CONCLUSION- ' 

In view of the above, it is believed that the claims clearly 
distinguish over the patents relied on by the Examiner, either 
alone or in combination. In view of this, reconsideration of the 
rejections and allowance of all of the claims are respectfully 
requested. 

Pursuant to 37 C.F.R. §§ 1.17 and 1.136(a), Applicant (s) 
respectfully petition (s) for a one (1) month extension of time for 
filing a reply in connection with the present application, and the 
required fee of $110.00 is attached hereto. 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is respectfully 
requested to contact Robert F. Gnuse (Reg. No. 27,295) at the 
telephone number of the undersigned below, to conduct an interview 
in an effort to expedite prosecution in connection with the present 
application. 



14 



Application No. 09/869, 693 

Amendment dated December 2, 2004 

Reply to Office Action of August 2, 2004 



Docket No. 0038-0363P 
Art Unit: 1773 
Page 15 of 15 



If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension of 
time fees. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




JMS/RFG/adt 
0038-0363P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Attachments: Exhibits A, B, C, D and E 




AT , . t tvt , EXHIBIT A \ 

t Pests in Japan - No. 1 \ 



T3&E PINE WOOD NEMATODE 



and 



THE JAPANESE PINE SAWYER 



By Yoichi Kishi 
Ibaraki Prefectural Forest Experiment Station, 
Ibaraki, Japan 



Thomas Company Limited, Tokyo, Japan 
December, 1995 



Price: ¥13,390 (in Japanese yen, tax in Japan included) 
ISBN4-990045 1-0-6 C3061 P13390E 



PART n • PWN (THE PINE WOOD NEMATODE), 
Bursaphelenchus xylophilus 

ILO. General. 

Pine trees inoculated with thousands of PWN wilt easily. I feel a little apprehensive about research 
progressing without confirmation of whether such a large number of PWN can attack trees under natural 
conditions. However, the discovery of PWN is the most important concerning Japanese forest pests. 
Research papers on PWN and JPS for the 20 years since its discovery are very numerous and substantial. 

Section 10. PWN discovery 

10.1. Studies on pine bark and wood borers in Japan leading to PWN discovery. 

After felling and burning of dead pines was conducted intensively throughout Japan following 
Furniss's recommendations, pine loss decreased remarkably in the 1950s, and studies on pine damage 
became rare. However, researchers became interested in pine bark and wood borers again in the 1960s 
when pine loss in western Japan began to increase in the 1960s. 

Researchers in Europe and the U. S. A. had two opposite theories on the ability of bark and wood 
borers to attack conifers; (1) Bark and wood borers could not kill healthy trees, but could kill weakened 
ones, (2) bark beetles such as Dendroctonus spp. could also kill healthy trees. There was constant 
controversy concerning these theories, which was reviewed by Dr.C.Nishiguchi (1330). 

In Japan, Dr. T. Kojima, who had studied in Germany and investigated harmless Curculionidae and 
Cerambycidae there, considered that pine bark and wood borers in Japan were unable to kill healthy trees 
(944, 945), and Dr. M. Inoue, who had investigated bark beetles in wind damaged trees in Hokkaido 
pref., agreed with this (550). On the other hand, Sata(J645), Hidaka(4i5), Nakano(730S) and Nitto 
(1367, 1368), who had investigated severe damage in mature and young pine forests in western Japan, 
considered that pine bark and wood borers over a certain population level were able to kill healthy trees. 

To solve this controversy, pine damage patterns in Japan were investigated and classified as follows; 
(1) Constant damage occurring in overmatured forests, (2) damage occurring in wind damaged forests 
over several years, (3) severe damage occurring in western Japan and in the southern part of the Kanto 
district, (4) slight damage occurring in the cold district of Tohoku (1454). Bark and wood borers in dead 
pine trees of each damage pattern were investigated intensively. The results showed that; (1) Bark and 
wood borers in dead pine trees in the severe damage pattern were characterized by Monochamus 
alternates, Shirahoshizo (Cryptorrhynchus) spp. and Taenioglyptus fulvus, whose eggs were laid mainly in 
summer (469, 583, 707, 709, 727, 774, 824, 984, 1375, 1380, 1382, 1452, 1454. 1624, 1625) 9 (2) it was 
clear that pine trees were killed mainly in summer judging from girth growth and leaf elongation (1444). 

Bark and wood borers closely connected with severe damage laid eggs in summer. Therefore, the 
ability of M alternates, Shirahoshizo spp. and T. fulvus to kill trees was investigated by forcing 
oviposition against healthy trees, and which they could not kill (618, 710, 723, 725, 2036, 2039). They 
could also not kill tide-water damaged pines but could kill some trees weakened by root cutting or stem 
wiring ( 710, 723, 725). From these forced oviposition studies it was refuted that severe damage occurred 
by their direct attack. Further evidence supporting this came from studies in clear cuttings of mature and 
young pine forests, where the oleoresin flow on stumps had already been abnormally low before beetle 
oviposition (1383, 1385). 

The relation between oleoresin flow and bark beetle attack had been studied from early times and 
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Table 11 



Methods to measure oleoresin flow 




Polosentzev 1947 (1616) 
A knife cut of 5 cm length 
is made on stem inner bark 
of each tree. Within 24 
hours, oleoresin flow is 
classified. 



nil resin, sapwood dry 
tiny droplets of resin 
small aggregates of resin 
on wound 

abundant resin not over- 
flowing 

abundant resin overflow- 
ing wound __ 



Oda 1967 (1445) 
A section of bark and 
phloem is removed from 
the trunk of each tree by 
knife or cork-borer. After 
several hours, oleoresin 
flow is classified. 



1 (dead) 

2 (dying) 

3 (recovery possible) 

4 (a little weak) 

5 (healthy) 



nil resin, sapwood dry 
tiny droplets of resin 
small aggregates of resin 
on sapwood 
abundant resin 
abundant resin overflow- 
ing wound 



1 (dead) 

2 (abnormally low) 

3 (abnormally low) 

4 (normal) 

5 (normal) 



Oleoresin production 
(g/24hr) 

0 

not measured 
0.02— 0. 1 

0.1-1.22 

4.5-4.9 



• HhvDrC Nishi E uchi (7350). Polosentzev's method was simple and useful to measure 
was reviewed by Dr. C_. JNisnigucni ^jjjuj CTable 11). Pines of low 

oleoresin flow and Oda's method (after Polosentzev) was u ed i Japa (Table , 
oleoresin flow as measured by the Oda method often wilted ^f^J^™'^ already 
Since low oleoresin flow was commonly measured before insect attack, these pines wer 

physiologically abnormal (677. 618. 886- 888, 1962). d was studied for 

A working group on controlling pine damage was started »J^£ ^ physiology, silviculture, 

four years by various researchers on insects, tree diseases, fungus diseases tree pnys^o gy, 

sous etc. Jiy To clarify the abnormal physiology of pines was one of the 

but significant results were not produced in the interim report {122, 592. 607. 685. 

2323). 

10 2. The first report on PWN by Kiyohara and Tokushige (1971). 

Many researchers were enthusiastic about this work. Mr. T. Kiyohara and Dr. Y-Tokuj^^ 
a woTnlatode belonging to the genus Bursals ^^^^ o^ote 
district, but the nematode was not extracted from healthy trees (527 207V from dead 

a cause of severe nine damage by the following results; (1) Bursaphelench us P cultured 
pine trees, (2) it was cultured with fungi, (3) a high percentage of trees lnocu * 
nematode wilted like those in field conditions, (4) the nematode 
wilted trees {828, 859). At the same time, M. ahematus, one of the pine bark 

recognized to be an important insect vector (J222). ExDeriment Station in 

A conference on controlling pine damage was held at the °™^**^S y announced 
Tokyo in February of 197!. Results concerning the ^^^^^fSL nematode 
(1410) These remarkable results stunned many researchers. Dr. Ichmohe, the B 
researcher in Japan, closed the conference expressing his ^^^^ inaphelenchus cocophi l us 
(1) Since only one nematode had previously been found to kill trees ^ Rhaain ^ accep ted as a 

^ } s nucifem) ( 99), it was hardly thought that Bursaphelenchus sp., commonly accepted a 
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weak pathogen, could kill trees. (2) Agricultural nematodes rarely killed plants and a strongly 
pathogenic nematode capable of killing large pine trees had not previously been recorded. (3) Pine 
trees inoculated with the nematode wilted very soon, (4) There were very few cerambyctd vectors 

of nematodes. 

Discovery of the pathogenicity was made by inoculating the nematode without being influenced by 
prevailing opinion. These studies were on various fields and led to the following PWN research. Results 
were reconfirmed by many supplementary tests (435, 557, 1049, 1160, 1469). PWN was extracted from 
wilted pine trees in severely damaged forests throughout Japan but not from those in constantly damaged 
overmature forests (206). From these numerous studies it was concluded that severe pine damage was 
caused by PWN (593), Some academic prizes were given to several members of the working group, Mr. 
T. Kiyohara, Dr. Y. Tokushige, Dr. Y. Mamiya, Dr. K. Morimoto and Mr. N. Enda, for the studies on 
PWN and JPS. Since PWN became a matter of public concern many explanatory papers were published 
(870, 1048, 1051, 1059, 1060, 1069, 1071, 1075, 1214, 1215, 2073—2075, 2079). 

Research of the working group resulted in many new notes on Rhizina undulata, tree physiology, 
soils etc., and came to an end in 1972 (124, 684. 1448, 1492, 1661, 2324). A renewed working group on 
controlling pine damage was started in 1973 and researched the wilt mechanism, biology of insect vectors 
etc. for three years ( 595), and the results were summarized (1, 187, 360, 597, 894, 915, 1058, 1151, 1217, 
1391, 1412, 1547, 1848, 1999, 2213). Dr. K. Ito was in charge of these working groups and I have never 
known such an able leader as he. 

10.3. Decision on species name. 

The genus Bursaphelenchus belongs to the family Aphelenchoididae, Nematoda. Bursaphelenchus 
spp. are often extracted from the galleries of Scolytidae beetles in Europe and the U. S. A. but seldom 
from Cerambycidae beetles (1640). 

PWN was first named Bursaphelenchus lignicolus N. sp. (1090), but was similar to the timber 
nematode, Aphelenchoides xylophilus (1320, 1801). Based on the typical morphological characters of 
original specimens of B. xylophilus that were rediscovered in the USDA Nematode Collection, and on 
genetic crosses among B. lignicolus and B. xylophilus, it was concluded that they were the same species, 
B. xylophilus (1323, 1324). This name change has been explained in detail (7065, 706S). There was no 
difference in reproduction rate between PWN extracted from pine trees in the State of Missouri and 
those from Saga prefecture in Japan (962). Since the disease caused by B. xylophilus has been named 
variously wood-nematode disease of pine, pine wilt disease, pine wilting disease and so on, it was desired 
to simply name it pine wilt (2026). I use the term PWN wilt in this book. 

10.4. Morphology. 

The PWN is illustrated in Fig. 15 and its morphology has been reported in detail (7090, 1324). PWN 
ultrastructure was observed by SEM-scanning electron microscope (834, 958). Since it is difficult to 
differentiate between PWN and B. mucronatus (1082) , only expert researchers are able to identify them. 
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Fig. 15. Uursaphelenchusxylaphilus n. sp. A. Female. B. Male.C. Male tail. D. Ventral view of male tail, tip with 
caudal alae. E. Ventral view of spicules. F. Female, anterior portion. G. Female vulva. H-J. Female 



tail. (1090). 



* 
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Section 11. Biology of PWN 



11.1. Host trees in Japan. 

The tree species sustaining severe damage are Pinus densiflora, P. thunbergii and P. /«c*««* which 
are the main Diploxylon in Japan. PWN and insect vectors in other pine species are detailed m Section 
14. I surmise that most Pinaceae are potential host trees for PWN. 

11.2. Life history. 

Nematodes often have several developmental stages for survival (569), and PWN has P»pagative 
and dispersal forms (1053). Comparison of developmental rates and population growth between PWN 
and B. mucronatus were reported in detail (291). 

(1) The propagative form. 

The propagative form is capable of reproduction under favorable conditions. Dr. Mamiya reported 

the form as follows (1053) : 

Eggs took 26-32hr to hatch in water at 25°C. There were four molts, the first in the egg. The second 
-stage larvae (L2) were placed on fungal mats and began to feed soon after hatching. Feeding was 
necessary for further development. In the fungal mats of Botrytis cinerea, hatched larvae reached the 
adult stage in 4 days at 25°C, and opposition took place on the fourth day after hatching. The life 
history was completed in 12 days at 15°C, in 6 days at 20°C, and in 3 days at 30°C. Development was 
a little restrained at 33°C. It was theoretically demonstrated that the minimum temperature for 
development was 9.5°C. 

Copulation was necessary for reproduction. In the fungal mats of B. cinerea at 25°C, PWN laid an 
average of 79 eggs (0-216) per female over a 28-day opposition period, and peak opposition generally 
occurred within 4 days after egg-laying commenced (1085). On the other hand, an average of 150 eggs 
was also reported (962). Adult females died shortly after oviposition ceased, and the female life span 
averaged 15 days with a maximum of 32 days (1085). 

(2) The dispersal form. 

The dispersal form occurs under unsuitable conditions such as drying and fasting. In the case of 
PWN, this is the form suitable for being carried by JPS. The dispersal third-stage larvae (LIU) and 
fourth-stage larvae (LIV, dauerlarvae) occurred abundantly in wilted trees in winter and spring (Fig. 
21). In November, proportion of the dispersal third-stage larvae was negatively correlated with PWN 
density and positively with the wood water content (302). In early spring, the dispersal third-stage larvae 
gathered around JPS pupal chambers and after molting in late spring became the dispersal fourth-stage 
larvae, entering the bodies of JPS (1050, 1226). They molted at temperatures over 15°C (1414). In 
summer, the dispersal fourth-stage larvae became adults in pine trees soon after being carried by JPS and 
reproduction then began (1224. 1414). Wood tissues of Pinaceae, of Pinus spp. and Larix leptolepis in 
particular, hastened the molting of the dispersal fourth-stage larvae (1072). 

In experiments, the dispersal third-stage larvae occurred in pine logs 55~69 days after PWN 
inoculation (2006). They began to occur after 3 to 5 months on the fungal mats of B. cinerea without 
being subcultured and constituted almost 100% of the surviving nematodes after 10 months (570). 

The cuticle of dispersal third-stage larvae was the thickest of all stages of the two forms, and the 
proportion of basal layer (67% of cuticle) of dispersal fourth-stage larvae was the highest (967). The 
external cortical layer was thicker in the dispersal form than in the propagative form (961). The gonads 
of dispersal forms were suppressed compared with that of propagative forms (568). 
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11.3. Food. 

Most of the Aphelenchoididae nematodes (to which PWN belongs) are mycetophagous. PWN 
breaks the hypha ceU membrane with its stylet and sips the protoplasm (2021). PWN multiplied rapidly 
on the fungal mats of B. cinerea and Pestalotia sp. (162. 859), rapidly or slowly on those o other plant 
pathogens and wood decaying fungi (755), and more rapidly on those of several fungi other than B. 
cinerea that were isolated from forest soil (2202. 2203). Since several fungi such as PestaloUc , sp. and 
Rhizosphaera sp. were consistently isolated from the sound wood of healthy pine trees and seedlings it 
seemed certain that pine trunks and branches were potentially infested with these PWN food fungi (974. 
917. 922). JPS emerging from dead pines carried fungi such as Ceratocystis sp. to pine twigs during 
maturation feeding together with PWN (914, 917, 921). 

According to histopathological studies on PWN infested trees PWN occurred mostly in the resin 
canals and epithelial cells were also damaged (1090). It was surmised that PWN sipped cell protoplasm 
by putting the anterior portion or its full body into cells (1000). Therefore it was investigated as to 
whether PWN could feed on higher plant cells. PWN was successfully cultured on the callus tissues of 
Medicago sativa (alfalfa), P. densiflora, P. thunbergii and Cryptomeria japonica, and it was thought that 
PWN could feed on higher- plant cells such as resin cells (1997, 2013—2016). 

From these results PWN food, such as fungi and cells always seem abundant in its environment. 

11.4. Reproduction. 

Reproduction in pine trees is detailed in Section 12.5 and 13.4. 

According to artificial culture tests of 54 fungi at a constant temperature of 25°C, PWN multiplied 
rapidly on the fungal mats of B. cinerea, Pestalotia sp., Diaporthe conorum etc. and most abundantly on 
B. cinerea (158). Under constant temperatures PWN multiplied rapidly above 15°C and most abundantly 
at 25°C on the fungal mats of B. cinerea, above 15°C and most abundantly at 30°C on Pestalotia sp., above 
20°C and most abundantly at 35°C on Alternaria kikutiana, and most quickly and abundantly at 25°C on 
B. cinerea (162). PWN multiplied more abundantly on the fungal mats of several fungi isolated from 
forest soil such as Mortierella sp., than on those of B. cinerea (2202, 2203). 

By cultivating a single female and male on the fungal mats of B. cinerea at a constant temperature 
of 25°C, PWN multiplied from 2 to 85,000 after 2 weeks and to 489,210 after 3 weeks (1161), while 
production of 263,000 PWN after 15 days was calculated theoretically (1085). The growth curve of 
PWN on the fungal mats of B. cinerea could be applied to a logistic curve (166, 2298). PWN populations 
cultivated from the dispersal form did not at first increase as rapidly as those from the propagative form 
(811). Since PWN populations inoculated on PDA culture medium together with B. cinerea were several 
times as abundant as those on the fungal mats alone, it was thought that PWN might multiply more 
rapidly by selectively feeding on young hyphae (165). 

Culture media were also examined. Addition of sugars such as glucose to the culture medium 
increased or decreased PWN population, but PWN multiplied most abundantly on PDA culture medium 
( 165). Addition of unsaturated fatty acids such as linoleic and oleic acid to the fungal mats of B. cinerea 
hastened PWN growth and occurrence of the dispersal third-stage larvae, but rarely increased 
populations (7079, 7999). Addition of fatty extracts from JPS larvae and pupae to the fungal mats of B. 
cinerea increased both PWN survival and the numbers of dispersal third-stage larvae if left without 
subculture (570). PWN growth was hastened by addition of benzoic acid, catechol, £-myrcene etc. (578. 
1507, 2145), and controlled by actidion, 8-hydroxycarvotanacetone etc. (7506, 7507, 7840). PWN 
inoculated into pine logs multiplied under suitable humidity conditions (160, 370, 827). 
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PWN was commonly collected with the Baermann apparatus. More than 90 percent of PWN in 
PDA culture medium could be collected with the apparatus set up at 20°C for 24 hours (7779). More 
than 80 percent of PWN and all PWN in wood chips could be collected with the apparatus set up at 15 C 
for 24 hours and from 5 to 40°C for 168 hours (77 79). Most of the PWN in wood chips could be collected 
with this apparatus in 24 to 48 hours {831. 1055). About 60 to 87 percent of PWN in JPS adults could 
be collected with the apparatus set up at 25°C for 48 hours after chopping up the JPS with scissors and 
grinding them in a mortar (907). A suspension without dead PWN could be obtained with the apparatus 
by setting up once more for 6 hours (7275). Since the populations differ according to collection method, 
it is desirable to collect PWN using the same method when populations are to be compared. I always 
collect PWN from PDA culture medium, wood chips and chopped JPS using the Baermann apparatus set 
up at 20°C for 24 hours. 
11.5. Attractants and repellents. 

The dispersal third-stage larvae which gather around JPS pupal chambers become the dispersal 
fourth-stage larvae there and enter the spiracles of JPS pupae or new adults (1226). Some experiments 
were conducted to clarify the factors initiating this PWN behavior. 

(1) co 2 . 

It is well known that C0 2 attracts some species of insects. Both cultured PWN and the dispersal 
fourth-stage larvae distributed at random on an agar surface in a petri dish moved toward a source of 
C0 2 introduced on the agar surface at the center (7796). C0 2 released from JPS pupae, especially at 
emergence, was thus deduced to have an important role in transferring PWN from the chamber wall to 
JPS body (7797). 

(2) Unsaturated fatty acids. 

Both cultured PWN and the dispersal third-stage larvae distributed at random on an agar surface 
in a petri dish moved toward the agar surface where unsaturated fatty acids such as palmitoleic, oleic and 
linoleic acid were placed (7795). Since the excretions of JPS fourth instar larvae contained these 
unsaturated fatty acids, it was suggested that larvae in pupal chambers stained the chamber wall with 
their excretions and deposited these acids, stimulating PWN aggregation behavior (1194). In the oleyl 
group, 1-monoolein exhibited significant attraction, ethylene glycol monooleate exhibited an activity 
somewhat lower, and oleic acid and oleyl alcohol were definitely inferior to 1-monoolein (2081). 

(3) Benzoic acid. 

Benzoic acid of low concentration attracted PWN on an agar surface in a petri dish, but at high 
concentration repelled it (1500, 1506, 1507). 

(4) Bitter and pungent substances. 

According to behavioral response tests of bitter and pungent substances against PWN on an agar 
surface in a petri dish, PWN was attracted by allyl isothiocyanate, naringenin etc. and repelled by 
capsaisin, magnesium chloride etc. (2082). 

(5) 8-hydroxycarvotanacetone. 

PWN on an agar surface in a petri dish was repelled by 8-hydroxycarvotanacetone (7500, 7506, 
1507). 

(6) /S-myrcene. 

According to behavioral response tests of volatile components in P. densiflora against PWN in an 
olfactometer, £-myrcene attracted the propagative form strongly and the dispersal fourth-stage larvae 
much more strongly (578, 579). 
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(7) Extracts from pine shoots. 

The aggregation and invasion of PWN and B. mucronatus in shoot segments of P. thunberguznd P. 
taeda were considered to be regulated in different ways by host- produced substances Ethyl ether 
extracts of shoot segments attracted nematodes, but distilled water extracts of P. taeda repelled. Also, the 
invasion rate into segments was reduced by the distilled water treatment of segments, but was unchanged 
or moderately increased by the ethyl ether treatment (259, 290). 

(8) Pheromone. 

According to observations of PWN on agar strips in petri dishes, males were only attracted to virgin 
females and were responsive to female secretions emitted into agar and to volatiles from virgm females 
Female attraction by males was also observed and the attraction and mating were caused by different 
factors (536, 838, 841). 
11.6. Parasitic fungi and mites. 

At present it is difficult to control PWN with natural enemies but the biology of its parasitic fungi 
and mites has been studied. Biocontrol of agricultural nematodes with natural enemies has been reviewed 
in detail (1363). 

(1) Nematode-trapping fungi. 

The biology of nematode-trapping fungi in crops and trials of biocontrol using them have been 
reviewed in detail (1183, 1996). Nematode-trapping fungi were also detected from most JPS pupal 
chambers, and Dactylella leptospora and another three species were confirmed as trapping and killing 
PWN (1095, 2001, 2002). 

Arthrobotrys ellipsospora, which was detected from the sapwood of dead pines, was also found to 
selectively trap and kill PWN (2091, 2295). When pine seedlings were inoculated with PWN 40 days 
after spraying the fungus, half the seedlings did not wilt (1651). This study should be continued. 

(2) Parasites. 

There are some brief notes on a parasite, Harposporium sp. which was detected from PWN (2001, 
2002). 

(3) Mites. 

Mites in the galleries of bark and wood borers have been studied intensively in Europe and the U. 
S. A. Detailed biology of mites which fed on the eggs and young larvae of Scolytidae was reported often 
(769, 1642, 2137) , and some of these mites also fed on nematodes in galleries (768, 987, 1015). Eight 
species of Mesostigmatid mites were found from the JPS itself and JPS pupal chambers in wilted pine 
trees (208, 576, 577). Throughout Japan, Dendrolaelaps unispinatus, D. fukikoae and Proctolaelaps 
hystrix were often collected and their behavior in the chambers was investigated in detail (2009). 

D. unispinatus, D. fukikoae and Hypoaspis sp. fed on PWN and multiplied readily by feeding on a 
mycetophagous nematode, Panagrellus sp. (210, 2010). Their feeding and oviposition behavior etc. were 
investigated in detail (2010). D. unispinatus was often abundant in JPS carrying a large number of PWN 
(208, 209), but there was no relation between mite and PWN number in JPS (979, 1809). D. unispinatus 
was also collected from biennial JPS carrying a small number of PWN (208, 209), but it was not clear 
whether this small number of PWN was caused by mite feeding. 

11.7. Miscellaneous notes. 

Most of the PWN cholinesterases was present mainly in the central nervous system and was 
considered to be acetylcholinesterase (1143). 
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more firmly than those of B. mucronatus (258). 

Most PWN became stiff when dipped in hot water extracts of fresh twigs of P. thunbergu, but moved 

aaain in cold water, or after 72 hours (1414). 

Two strains of Phomopsis species exhibited strong nematocidal activity to PWN in culture hqu.d, 

reaching 96.9—99.6% mortality after 48 hours incubation (2203). 
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The Pinewood Nematode in Vermont, USA 

/leet the pinewood nematode {Bursaphelenchus 
ylophilus ), a microscopic roundworm that is 
-ectored or carried by PLin^s^yArL^-etL^^t 1 ^ 
;enus Mon ochamus. The nematode infects conifers, 
Especially pines, and is known to occur in the United I 
States, Canada, Mexico, Japan, China, Taiwan, 
Corea, and, more recently, Portugal. 
Bursaphelenchus xylophilus has a complex and 
ntriguing disease cycle. During the beetle's 
naturation feeding, the nematode can be vectored 
:o a healthy tree where it can feed on cells in the 
>ark and xylem and cause tree wilt and mortality. 

This is more likely to occur in Asia, where the x^ e ui w ^ 

ie matode is thought to have been introduced around 1900. It can also be vectored to a dymg tree or freshly cut 
imber during the female beetle's oviposition or egg-laying. This is the more likely transmission pathway in North 
Wrica, where the pinewood nematode is thought to be native. The nematode can also feed on fungi growing in 
dying or dead trees or in cut timber and thus can be transported in wood products, such as logs, lumber, pallets, 
urates, wood chips, and furniture, that are not kiln-dried. 

See our list of publications on our research of the pinewood nematode. 

If you're wondering who studies the pinewood nematode, check our list of current pinewood nematode 
researchers in the United States. 




Publications 

Halik. S. and D.R. Bergdahl. 1994. LongH:erm survival of Bursaphelenchus xylophilus in living Pinus sylvestris in an 
established plantation. European Journal of Forest Pathology 24:357-363. 

Scots pines {Pinus sylvestris) in a 20-year-old plantation in northern Vermont, USA, were inoculated with the 
pinewood nematode {Bursaphelenchus xylophilus) in 1987. To determine how long B xylophilus would ^survive after 
inoculation, the trees were periodically observed and sampled for the nematode up to the end of 1993. The 
nematode was still found in living, healthy-appearing pines 6 years after inoculation. 

Bergdahl, D.R. and S. Halik. 1993. Persistence of Bursaphelenchus xylophilus in living Pinus sylvestris. 
Phytopathology 83:242 (Abstr.). ■ , 

A total of 100, 20-year-old Scots pines {Pinus sylvestris) were inoculated with a Scots pine isolate ot 
Bursaphelenchus xylophilus (pinewood nematode=PWN) to evaluate persistence of the nematode in the host tree. 
Ten trees were inoculated on each of 10 dates between 6/1 and 9/14, 1987. Two inoculation wounds were made 
with a drill bit in the main stem of each tree and approximately 30,000 nematodes were inoculated per wound. In 
addition, 10 trees were inoculated on each of 3 dates with a nematode-free solution. All trees were visually 
evaluated annually and sampled periodically between 1987 and 1992. B. xylophilus was extracted from 
asymptomatic living trees for up to 5 years after inoculation as well as from dead trees but not from controls. The 
PWN was most frequently extracted from trees inoculated on 7/7 and 9/14, 1987. 

Halik. S. and D.R. Bergdahl. 1992. Survival and infectivity of Bursaphelenchus xylophilus in wood chip-soil 
mixtures. Journal of Nematology 24:495-503. 

To determine the effect of soil environment, un uic me sawae^ anu wlqi numucio wi *-^^> 

nematode-infested wood chips alone and mixed with soil were incubated at 12 and 20 C. Nematodes were 
extracted at 2-week intervals for 12 weeks. Numbers of nematodes and percentage of third-stage dispersal 
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.rvae were greater at 12 C and in chips without soil. Percentage of juveniles of the propagative cycle was 
reater at 20 C and in chips with soil. Although B. xylophilus survived in chips with soil for 12 weeks nematode 
umbers and life stage percentages changed little overtime. To determine if B. xylophilus was ^capable of infecting 
rounded roots, infested and uninfested chips were mixed with soil in pots with wh.te and Scots pine seedlings^ 
rees were maintained at 20 and 30 C and harvested at mortality or after 12 weeks Only seedlings treated I with 
,fested chips contained nematodes. In field experiments, planted seedlings were mulched with mfested chips to 
etermine if nematodes would invade basal stem wounds. Among these trees. Scots p.ne was more suscept.ble 
han white or red pines to infection and mortality. 

Jergdahl. D.R.. S. Halik. J. Tomminen. and H. Akar. 1991. Frequency of infestation of Monochamus notatus and M. 
■.cutellatus by Bursaphelenchus xylophilus in Vermont Phytopathology 81 :1 20 (AbstrJ 
vdult Monochamus notatus (Mn) and M. scutellatus (Ms) were collected from two locations in central and 
.orthern Vermont from 6/4-9/1 . 1 988. On the day of collection, beetles were .dentified to sex sectione I and 
•laced in distilled water for 24 hours to extract dauerlarvae of Bursaphelenchus i*^^*'™?™™™ 
lifference in frequency of infestation of the two beetle species by Bx (Mn=51 1 % and Ms=56%) but infeste Ms 
:arried a greater mean number of dauerlarvae (5450 vs 595). Frequency of infestation was independent of sex for 
!3 ch beetle species and there was no difference in mean number of dauerlarvae carried between sexes wthm 
5 ach species of Monochamus. Frequency of infestation of male Ms was dependent on t.me and the mean number 
>f dauerlarvae carried by male Ms appeared to decrease after the first month. There was no difference in 
requency of infestation or mean number of dauerlarvae carried for Ms females. 

Tomminen. J.. S. Halik and D.R. Bergdahl. 1991. Incubation temperature and time effects on life stages of 
Bursaphelenchus xylophilus in wood chips. Journal of Nematology 23:477-484. 

/Vood chips of Pinus strobus inoculated with Bursaphelenchus xylophilus were incubated at 3. 1 Z. JU. or 4U u 
during intervals of 47, 82, and 1 30 days to determine the effects of incubation temperature and time on total 
number of nematodes and occurrence of each life stage. Nematodes did not survive at 40 C; the greatest number 
Df nematodes was maintained at 3 C. The number and percentage of juveniles in the propagative cycle were 
neatest at 3 C after 47 days, but the percentage was greatest at 30 C after 130 days. More th.rd-stage dispersal 
larvae, with percentages as high as 85%, were extracted at 3 and 1 2 C than at 30 C by the end of the study. 
Dauer larvae were extracted from the chips but percentages never exceeded 5%. The percentage of adults was 
greater at 30 C than at 3 and 12 C after 82 and 130 days. When a 1-week heat treatment of 30 C was applied to 
samples at 3 and 12 C, numbers and percentages of adults increased. Percentages of dauer larvae increased very 
slightly when the heat treatment was applied after 47 days. 

Halik, S. and D.R. Bergdahl. 1990. Development of Bursaphelenchus xylophilus populations in wood chips with 
different moisture contents. Journal of Nematology 22:1 1 3-1 18. 

Bags of Pinus strobus wood chips with moisture contents of 38, 92, 164. and 217% (oven dry weight) were 
inoculated with Bursaphelenchus xylophilus and incubated at 30 C in order to determine the effect of wood 
moisture on nematode population development. Nematodes were extracted after 2, 4, 8. and 12 weeks. P°P u| a t,on 
levels were greatest in wood chips with a moisture content of 38% and decreased successively with each higher 
moisture content. In chips with the three lower moisture contents, populations peaked at 2 weeks, but at 217% 
moisture, they peaked at 8 weeks. By 12 weeks, nematode populations had declined in wood chips with 92 and 
164% moisture contents. The fungi most frequently isolated from the wood chips were Alternana. Fusanum, 
Gliocladium, Graphium, Penicillium, Trichoderma, and Mucorales. 

Halik. S. 1990. Survival of Bursaphelenchus xylophilus in wood chips in soil and potential for infesting roots of pine 
seedlings. M.S. thesis. University of Vermont, Burlington, VT, 64pp. 

To determine the effect of soil environment on pinewood nematode life stages and population level, nematode 
infested wood chips alone and mixed with soil were incubated at 12 and 20 C. Nematodes were extracted at 2- 
week intervals for 12 weeks. Nematode population level was greater in chips without soil, and both population 
level and percentage of dispersal larvae were greater at 12 C. Percentage of propagative stage juveniles was 
greater in chips with soil. Although nematodes survived for 12 weeks in chips with soil, neither population level 
nor proportions of life stages changed over time. ^ j _ _• _j 

- To determine if the nematode was capable of infesting wounded roots, infested and uninfested uhips weie mixcu 
with soil in pots with white and Scots pine seedlings. Trees were maintained at 20 and 30 C and harvested at 
mortality or after 12 weeks. Planted seedlings were mulched with infested chips to determine if nematodes would 
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vade basal stem wounds. More seedlings treated with infested chips died and contained nematodes but there 
as no difference between temperature effects. Of planted seedlings. Scots p.ne was more suscept.ble to 
festation and mortality than were white or red pines. 

o observe the infection process of the pinewood nematode in root tissue, sect.ons of roots of white p ne _ 
LdSng'were wounded and inoculated with nematodes. Inoculated roots were prepared for scannmg electron 
^scopy and the wound surfaces scanned for evidence of nematode penetration. To mvestigate the 
SISL of the pinewood nematode in root tissue, infested roots of 

ectioned and stained for light microscopy. Nematodes appeared to enter roots P"™"^ *^*^X«n. 
hloem. either intercellularly or via resin canals and were observed mfestmg all woody root t.ssues. Parenchyma 
ell contents were granular and stained brown or were completely destroyed. 

lergdahl. D.R. 1988. Impact of pinewood nematode on North America: Present and future. Journal of Nematology 

^tteLchus xylophilus, pinewood nematode (PWN). is the most serious pest of P j ™ ^ j"^^ *f 
lorth America its role in pine wilt disease is still being studied. The PWN is known to ^.^V™>£** of 
?inus with P nigra, P. sylvestris, and P. thunbergii the most suscept.ble .n the eastern United States. Because ot 
: poteTtia. se/eral European countries (Finland. Norway, and Sweden) and Korea hav. 
•gainst the importation of coniferous wood from regions of the world known to be infested with the PWN. 
Although the PWN is not considered an economic pest in North American forests, the recent ^arooes have 
!S tablished an impact on current forest management practices and an economic impact on North American 
ixport trade. 

Tomminen. J.. S. Halik. and D.R. Bergdahl. 1988. Dauerlarvae of Bursaphelenchus xylophilus formed in wood chips 
>f Pinus strobus. Nematologica 34:298 (Abstr.). . . . 

Twenty plastic bags each containing 200 g of wood chips of Pinus strobus L. (eastern white p.ne) were mocuUrted 
vith an isolate of Bursaphelenchus xylophilus (Steiner & Buhrer 1 934) Nickle 1 970 (pine wood nematode) from 
hat host. All bags were incubated at 30 C for four weeks after which the bags were d.v.ded into four treatments 
*nd incubated as follows: Treatment 1 was incubated an additional 10 weeks at 30 C. Treatment 2 was incubated 
an additional 10 wk at 30 C and another 8 wk at 12 C after which 3 bags were extracted. The remaining two bags 
/vere extracted after one additional week at 30 C. Temperatures for treatment 3 were gradually reduced during a 
3 week period from 30 C to 12 C and then incubated 7 more weeks. Three bags were then sampled and the 
-emaining 2 were extracted after an additional 2 days at 30 C. Incubation temperature for treatment 4 was 
decreased to 1 2 C as in treatment 3 but then incubated 8 wk at that temperature. Temperature was further 
reduced to 3 C and after 8 wk three bags were extracted. The remaining 2 bags were sampled after an additional 
week at 30 C. To recover the nematodes the wood chips were extracted using a modified version of the 
Baermann funnel technique. The nematodes were then evaluated to determine the presence of dauerlarvae. 
These were recovered only from wood chips which had been incubated at either 3 or 12 C followed by 1 week ot 
incubation at 30 C. The two highest percentages of dauerlarvae were 30 and 21 percent from treatment 
temperatures of 3 and 1 2 C, respectively. 

Halik. S. and D.R. Bergdahl. 1987. Infestation of wounded roots of Pinus strobus by Bursaphelenchus xylophilus 
from contaminated wood chips in soil. Phytopathology 77:1615 (Abstr.). 

White pine {Pinus strobus) wood chips were inoculated with an isolate of Bursaphelenchus xyloph,lus from that 
host and incubated at 30 C for 8 wks. After incubation, the average wood moisture content (mc was about l JU% 
based on oven dry weight (ODW) and the nematode population was about 50/g ODW. Uninfested wood chips 
(130% mc) were used as a control. For each treatment, approximately 150 g of wood chips were mixed w.th soil in 
each of 12 one liter pots. Wounds were made at 3 locations on the roots of 24 (12 per treatment) five-year-old 
white pines by scraping the bark to expose xylem tissue. Seedlings were potted in these ch.p-so.l mixtures and 
maintained in the greenhouse up to 12 wks at 18-29 C. Seven of 12 seedlings treated with nematode-infested 
chips wilted and B. xylophilus was extracted from roots and stems. Histological studies showed B. xylophilus only 
in tissues of inoculated seedlings. 

Bergdahl, D.R. and S. Halik. 1987. The pine wood nematode associated with conifer mortality in ttenortheastern 

_ United States. Pp. 46-49 in M.J. Wingfield. ed. Pathogenicity of the pine wood nematode. St. Paul. MN: ™ ..erica.. 
Phytopathological Society Press. . 
Bursaphelenchus xylophilus was first found in the northeastern United States (Vermont) in dead and dying 
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astern larch, red pine, and Scots pine in October 1979 and has since been found in eastern white pine and in the 
xotic species Japanese larch and ponderosa pine. The nematode is usually recovered .n relatively low numbers 
om dead or dying trees, thus the primary cause of conifer mortality in Vermont does not appear to be solely the 
jsult of pine wood nematode infestation. The nematode is believed to be one important component of a highly 
■tegrated biological disease complex which includes: the nematode, insect vectors {Monochamus spp.), insect 
ssociates (bark beetles), wood staining fungi {Ceratocystis spp.). other pathogenic fungi and environmental 
tress factors such as low soil moisture and high temperature. Results of seedling inoculations in a growth 
hamber have shown that isolates of B. xylophilus from either eastern larch or red pine are pathogenic to both 
osts Inoculations of potted and planted seedlings in the field have caused limited mortahty. Inoculations of larger 
-ees have not resulted in mortality, however inoculated branches of red and Scots pines have displayed some 
mortality. Histological observations of B. xylophilus in red pine have shown nematodes abundant in the l°ng'tud,nal 
nd radial resin canals of the xylem and only occasionally present in the bark. In eastern larch, the nematode has 
ot been observed in the xylem but has been found near the cambium and in the phloem, cortex and res.n canals 
f the outer bark. 

lalik, S. and D.R. Bergdahl. 1986. Population dynamics of Bursaphelenchus xylophilus m wood chips of Pinus 
ttrobus. Phytopathology 76:653 (Abstr.). . 

reshly cut eastern white pine {Pinus strobus L.) wood was chipped, placed in plastic bags (325 g eaj and 
noculated with an isolate of Bursaphelenchus xylophilus (Steiner and Buhrer) Nickle from P. strobus. All 
noculated and uninoculated (control) chips were placed in a growth chamber at 30 C for up to 8 wk. Nematodes 
*ere extracted at 2 wk intervals using a modification of the Baermann funnel technique. Populations ot B. 
xylophilus increased about 30X after 8 wk. Histological studies showed juvenile nematodes present in resin canals 
.nd tracheids of wood chips. Wood staining fungi were more abundant on uninoculated chips than on nematode 
nfested chips. 

3ergdahl. D.R.. D.L.K. Smeltzer, and S.S. Halik. 1985. Components of a conifer wilt disease complex in the 
lortheastern United States. Pp. 152-155 inVM. Dropkin, ed. Proceedings of the United States-Japan Seminar: 
The resistance mechanisms of pines against pine wilt disease. University of Missouri, Columbia. MO 
Mortality of eastern larch has been observed in many areas of the northeastern United States including Maine, 
view Hampshire New York and Vermont. Symptoms include a rapid discoloration and wilting of the foliage. 
Allowed by death of the tree. This mortality has also been observed to occur sporadically in other conifers 
ncluding: European larch, red spruce, ponderosa pine, eastern white pine and Scotch pine. Trees naturally 
nfested with B. xylophilus are also commonly infested with bark beetles, blue staining fungi, and the root rotting 
uingus Inonotus tomentosus. The bark beetle Dendroctonus simplex \s commonly associated with dead and dying 
arch and the bark beetle Ips pini, with pines. Monochamus scutellatus is the only pine sawyer beetle that .has 
Deen trapped from diseased Scotch pine and M. carolinensis and M. notatus have been trapped from dead white 
pine. Species of Verticicladiella, Leptographium, Pesotum and Ceratocystis have been isolated from blue stained 
wood of eastern larch infested with B. xylophilus. Another nematode {Aphe/enchoides sp.) is commonly extracted 
from conifers showing symptoms of wilt. Seedlings of eastern larch inoculated in a growth chamber with 
Aphe/enchoides sp. have shown some wilt and mortality but not as consistently ocas rapidly as in B. xylophilus 
inoculations. Aphe/enchoides sp. are extracted in low numbers near the point of inoculation and histological 
studies show the nematode in the cambium and bark tissues. 

Bergdahl. D.R. and D.L.K. Smeltzer. 1981. Histological observations of Bursaphelenchus xylophilus in symptomatic 
tissues of Larix laricina and Pinus resinosa. Phytopathology 72:257 (Abstr.). 

Eastern larch {Larix laricina) and red pine {Pinus resinosa) were inoculated in the greenhouse with the pine wood 
nematode {Bursaphelenchus xylophilus). Symptomatic tissues were excised, fixed and stored in FAA before 
sectioning on a freezing microtome. Sections of wood were stained with safranin/cotton blue in glycerine/alcohol 
before examination for nematodes. Nematode populations were higher in tissues of red pine than in eastern larch. 
In red pine, nemas were abundant in longitudinal and radial resin canals of the xylem, but only occasionally 
observed in tissues of the bark. Nemas in eastern larch were not observed in the xylem tissues, but were found in 
the cambial region and in the phloem, cortex and resin canals of the bark. 
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Conifer Hosts of the Pinewood Nematode Found in Vermont 

• Eastern white pine (Pinus strobus) 

• Ponderosa pine (Pinus ponderosa) 

• Red pine (Pinus resinosa) 

• Scots pine (Pinus sylvestris) 

• Eastern larch (Larix laricina) 

• Japanese larch (Larix leptolepis) 



Pine Sawyer Vectors of the Pinewood Nematode Found in 

Vermont 

Pine sawyers are long-horned beetles of the genus Monochamus m the Cerambycidae family. The larvae are 
called sawyers because of the the noise they make while feeding in a log or stem. Long-horned refers to the 
adult beetle's antennae which, on the males, can be twice the length of the body. 

Adult female beetles lay eggs in slits chewed in the bark of freshly cut. dying or stressed trees in the summer. 
Larvae hatch and bore into the cambium where they feed before tunneling deep into the wood. They chew oval 
shaped galleries through which they push shavings back out to the surface. The larvae bore straight into the 
heartwood. then make a U-turn and head back out. Usually, one or two winters are spent .n the , wood as arvae 
and during the spring, the larvae pupate near the surface and adults emerge .n June and July through round exit 
holes. Adults feed for a short time on needles and the tender bark of branches. 
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lonocHmnu. scuteUatus (White-spotted Sawyer) has been found ^"^S^™' 
awyer is found from Newfoundland to North Carolina and west to M^esot^ and n ^ 

ften have elytra mottled with white spots. The beetle is 15-30 mm long. 

WonocHamus notatus (Northeastern Sawyer) has been found ™^*gl£t Ks^tT^ 
"his sawyer is found from eastern Canada and the northeastern United States to the Lake Stat ^ nosts 
,o ludeTastern white pine, balsam fir and red spruce. This can be a very large ^et e and - s 18-35 -nrntong. It .. 
'ravish- or reddish-brown mottled with white and dark brown spots or bands. The female s head .s greatly 
jlongated and flattened. 

Uonochamus carolinensis {P\ne Sawyer) has been found emerging from dead /jj 8 
Luce in Vermont This sawyer's range extends further south than those of M. notatus and M. scutef/atusAt 
;Ss pines Tnd is 13-22 7m in length. The adult is reddish brown with yellow, wh.te and dark brown spots on 
:he elytra. 



Current Pinewood Nematode Researchers in the United States 

Dale Bergdahl. Department of Forestry, University of Vermont, Burlington, VT 05405, USA 
Dale.Bergdahl@uvm.edu 

Marc Unit, Department of Entomology, University of Missouri, Columbia, MO 65211. USA 
linit@missouri.edu 

Shari Halik, Department of Forestry. University of Vermont, Burlington, VT 05405, USA 
Shari.Halik@uvm.edu 
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rfipnpr*! Tnformationi ^"^pntihilitv of Trees! [Symptoms] [Spread] [ Diagnosis ] [Control] 
[ R^rk to Qrn ? mpnt*l Disease Notes l [Other Resources] 

r 

General Information 

The pine wood nematode or pine wilt nematode {Bursaphelenchus xyfophilis) has been 
causing widespread losses to pines in Japan since the early 1900's. This nema °d e was f'rst 
identified in the United States in Missouri in 1979. It has now been found '" num «^™ be 
western and eastern states including North Carolina. A survey has shown this nematode to be 
widely distributed over much, if not all, of North Carolina. 

Older trees appear to be more susceptible than young trees. The nematode generally does 
not attack pines less than 5 or 6 years old. Scots pine Christmas trees, 7-10 years old are 
being severely damaged in the mid-western states by this nematode. 

Recent surveys have found the nematode in Pinus serotina (pond pine), two species of larch, 
one species of spruce (P/'cea glauca) and two species of cedar {Cedrus deodara and C. 
atlantica). More research must be done to determine how damaging the nematode will be to 
these plants. The most serious damage due to the pine wood nematode North Carolina at tnis 
time is to Japanese black pine planted along the Atlantic coast. 



Susceptibility of Trees to the Pine Wood Nematode 



Common Name 


Scientific Name 


Susceptibility 


Atlas cedar 


Cedrus atlantica 


? 


; <strian pine 


Pinus nigra 


High 


Cluster pine 


Pinus pinaster 


High 


Deodara cedar 


Cedrus deodara 


? 


Jack pine 


Pinus banksiana 


Resistant 


Longleaf pine 


Pinus paiustris 


Resistant 


Japanese black pine 


Pinus thunbergii 


High 


Larch 


Larix spp. 


? 


Japanese red pine 


Pinus densiflora 


High 


Loblolly pine 


Pinus taeda 


High 


Mugo pine 


Pinus mugo 


Susceptible 


Pitch pine 


Pinus rigida |j Resistant 


1 


1 II 



I 
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Pond pine 


Pinus serotina | 


? 


Scots pine 


Pin us sylvestris 


Moderate 


Shortleaf pine 


Pinus echinata 


Resistant 


Slash pine 


Pinus caribaea 


Resistant 


Slash pine 


Pinus elliottii 


Resistant 


Table mountain pine 


Pinus pungens 


Resistant 


Virginia pine 


Pinus virginiana 


Moderate 


White pine 


Hinus 51.ro uuz> 


Rp<;istant 


White spruce 


|| Pice a gtauca 


? 




Symptoms 

The first symptom of the pine wood nematode disease is a general wilt of the needl «| s - As the 
disease progresses, a yellowing of needles appears, followed by browning and death of the 
e ^e tree. Susceptible pine species may die within 30-90 days after the 

symptoms (longer for more resistant species). The disease can also lc.ll md^al branches ,n 
a tree. These symptoms may be easily confused with those of several bark beetles, Fomes 
annosus root rot, etc. 

Spread 

Longhorned beetles in the genus Monochamus have been shown to 
transmit pine wood nematodes. These beetles are known as sawyers. The 
southern pine sawyer, Monochamus titillator, is one of our most common 
sawyer. It has been observed that sawyers generally infest trees which 
have been recently killed or trees that are under stress. These beetles are 
called sawyers because the larvae make a loud chewing noise as they 
feed. The larvae bore into the wood and degrade the value of the wood for lumber. The 
larvae are long, white grubs with no noticeable legs. Adult sawyers emerge mostly in April 
and May, but they are active throughout the summer and even in warm spells during winter. 

Diagnosis 

-fVconfirm the involvement of pine wood nematode as the cause of dying pines, it is 
necessary to recover them from diseased wood. This can be done in the laboratory from 
symptomatic branches or increment borings from the trunk. Do not allow the branches or 
borings to dry out or get too hot. Submit them as quickly as possible for examination. ChecK 
with your local county Extension agent for more information. 

Control 

The control of pine wood nematodes involves quickly removing diseased trees. The wood 
should be burned, buried, or debarked. Grow pine species well adapted to your area, in tne 
long term, resistant pines should be selected. Christmas trees and nursery stock which 
cannot be irrigated during prolonged droughts can be protected from borers such as sawyers 
by spraying them with lindane. 

Since this pest is thought to have been present in the United States for a very long time, and 
the insects that spread it do not aggressively attack healthy trees, one should not become 

overly alarmed about pine wood nematode ' " " 



healthy pines. 



Other Resources 
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» Plant Disease Information No tes Home Page 

& Horticulture information Leafle ts Home Page 

I HTI -603 Using Pines in the Landscape or PD F version of HIL-603 
» HIL-606 Plants for Seashore Con ditions 

» HTI -638 Largo Tpprs for N orth Carolina or PD F version of HIL-63 8 

» North Carolina Inse ct Notes 

fe Nnrth Carolina Ag rimltural Chemicals Manual 

S NCCES Educational Resources 

-"or assistance with a specific problem, contact your local Nfirthl^r^^ 
Extension Service personnel . 

[Tn p of Paae l 

Recommendations of specific chemicals are based upon I "f'^ 

limited number of trials. Because environmental common i and ™*"^*W^™J a ^ , ndiC ated by experimental 
performance of the chemical will not always conform to the safety and pest control sw. 

data. 

Recommendations for the use of chemicals are includec Mn this ^""^^^ 

names and any mention or listing of commercial P r ° ducts , or K serv ^^ ^mnar oSducte or services not mentioned. 
North Carolina Cooperative Extension Service nor domination . aga ^^J^^'^a,^ regulations and 
Inr" luals who use chemicals are responsible for ensuring 'that the lntended a ° m e "t m i n e a current product label 
co, .us to the product label. Be sure to obtain current Information ; ^out usage a " d \ X r X e Extension Service agent, 
before applying any chemical. For assistance, contact your county North Carolina Cooperative txie 

Pubiished by North Carolina Cooperative Extension Service Distributed in ^^^^ ^^^TJJ^ 
3une 30, 1914. Employment and program opportun.t.es are °« ered ' o a,| P^ f&T State University, U S. Department of 
sex, age, or disability. North Carolina State University at Raleigh, North Carolina A&T 5tate university. 
Agriculture, and local governments cooperating. 

Last update to Information: March 1996 

Last checked by author: May 1996 

Web page last updated Dec. 2000 by A.V, Lemay . 
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EXPERIMENT REPORT 

rr 1. Purpose of The Experiment 

To gain longitudinal set recovery of the compressed lumber, 
which had been permanently compressed by the method disclosed in 
PCT/JP00/06861. 

2. Experimenters 

(1) Name: Kimiyoshi Kitazawa 
Address: c/o Faculty of Engineering of Shinshu Univrsity 

17-1 , Wakasato 4-chome 5 Nagano City, Nagano 
Prefecture, Japan 

(2) Name: Yorikuni Shibuya 
Address: c/o Yoshikawa Kensetsu Kabushiki Kaisha 

25, Matsuo 2-chome, Iida City, Nagano Prefecture, 
Japan 

3. Place of The Experiment 

Engineering Department of Shinshu University 

17-1, Wakasato 4-chome, Nagano City, Nagano Prefecture, 
Japan 

4. Period of The Experiment 



TnK/ If) - Aiicriict ^1 lf)f)A 



1 



5. Explanation of The Experiment 



(1) Summary of The Experiment 

In Fig. 1, air-dried lumber 10 3 which has thickness T 0 and 
prescribed length, was compressed. The thickness of the 
compressed lumber 12 was Ti. Then, the lumber 12 was cut 
from one end in the longitudinal direction at regular separations, 
so that a plurality of test piece having thickness of Ti were 
prepared. 

Successively, the test piece 12a, which was a distance L 
away from the one end of the lumber 12, was soaked in boiled 
water for a prescribed time, then air-dried. Thickness T 2 of the 
air-dried test piece 12a was measured, and Set recovery E was 
calculated with the following formula: 

E=[(T 2 -Ti)/(T 0 -Ti)]X100 

(2) Preparing Compressed Lumber 

Cedar lumber (length: 300 mm, thickness: 20 mm, 
moisture content: 10.0 wt%) was compressed in the 
compressing die disclosed in Fig. 1 of PCT/JP00/06861. 
Compressibility was 70.4 %. 

The compressed state of the compressed lumber was 
maintained in the compressing die 14 without preheating, and a 
longitudinal end of the compressed lumber was closed by a 
closing member. Then, the compressed lumber was heated in a 
furnace at 180°C for 120 minutes. After the heating step, the 
compressing die 14 accommodating the lumber was taken out 
from the furnace and air-cooled. The compressed lumber was 
taken out from the cooled die 14. The compressed lumber was 



2 



slightly stained in black (see the attached drawing of Fig. 2). 



(3) Set recovery 

The compressed lumber shown in Fig. 2 was cut from one 
end in the longitudinal direction at regular separations, so that a 
plurality of test piece having thickness of 6 mm were prepared. 

The test pieces were soaked in boiled water for 60 
minutes, then air-dried. Then, thickness of the air-dried test 
pieces were measured, and set recovery thereof were calculated. 
The air-dried test piece was shown in Fig. 4. 

The lumber not compressed, the compressed lumber and 
the test piece cut from the compressed lumber are shown in Fig. 
5 A. The thickness of the lumber before compression is shown 
in Fig. 5B; the thickness of the test piece before boiling is 
shown in Fig. 5C; the thickness test piece, which was air-dried 
after boiling, is shown in Fig. 5D. 

The Set recovery of the test pieces with respect to 
distances from the one end of the compressed lumber are shown 
in Fig. 6. In a graph of Fig. 6, the horizontal axis indicates the 
distance from the one end of the compressed lumber; the 
vertical axis indicates the Set recovery of the test pieces. 

According to Fig. 6, variation of the Set recovery was not 
observed in the longitudinal direction of the compressed lumber, 
and the compressed lumber had high dimension-stability. 

(4) Sectional Micrographs of Cedar Plate 

A sectional micrograph of the cedar plate not compressed 
is shown in Fig. 7A. In Fig. 7A, a part including large cells is 
earlywood part; a part including small cells is a late wood part. 
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A sectional micrograph of the compressed cedar plate is 
shown in Fig. 7B. In Fig. 7B, the earlywood part is mainly 
compressed. Namely, cells in the earlywood part were mainly 
compressed and density of the earlywood part was increased by 
the compression process. 

6. Conclusion 

In the experiment, the cedar plate was compressed so that the 
density of the earlywood part of the cedar plate was increased, then the 
cedar plate was heated with maintaining the high density state. With 
this method, even in the end portions, the cedar plate could be heated 
in a state of holding enough amount of moisture, so that the end 
portions of the cedar plate were sufficiently compressed and their 
shapes were sufficiently fixed as well as the center portion thereof. 

Therefore, variation of the Set recovery was not observed in the 
longitudinal direction of the compressed lumber produced by the 
present experiment, so that the compressed lumber had high 
dimension-stability. 
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Dimensional Stabilization of Compressed Wood 
Using High-Frequency Heating* 1 

Masafumi Inoue* 2 , Junichi Kodama* 3 , 
Yasuji Yamamoto* 3 and Misato Norimoto* 2 

The dimensional stabilities to moisture and heat for compressed wood with a thickness of 30 mm 
which was manufactured by a hot press equipped with a radio-frequency generator were investigat- 
ed. The compressive deformation was fixed in a short time by high-frequency heating during hot 
pressing. Greater set recovery was observed at 3-5 cm from the longitudinal end, regardless of the 
length of specimens. However, the set fixation for useful application could be obtained in the central 
portion of specimens. Moreover, greater dimensional stability could be achieved by increasing the 
compression set, restraining the edges, and enhancing the compression set at the longitudinal end of 
specimens during compressing. On the other hand, no effect of the treatment on the fixation of 
compressive deformation could be found for the dry specimens. 

The mechanisms of fixation in compressive deformation using high-frequency heating are as 
follows : when wood is heated in a hot plate, the steam generated inside the wood is forced out 
through both the end grains owing to the high internal pressure, resulting in the reduction of the 
moisture content of the wood. However, when wood is heated by mean of high-power, it is possible 
to heat the wood to the high temperature of 180-200 °C, while maintaining a high moisture content 
and high pressure within the wood, resulting in the quick fixation of the compressive deformation of 
the wood. 

Keywords : high frequency heating, compressed wood, set recovery, dimensional stabilization. 
(tt±3&J9»3*S30mm)*«»e»ftfco MKi^l&IftS K £ £>r, *Pf*5S 3—5 cm ©$g 

^4>©*#^3&-rs*-Cte, *#ft^£0M3^tg#*&K (180— 200°C) fcg-UmtZ>z 

t*»«rtik**o -©«p, nu, sse, m^rnvtm^mztiztc®, ^tamtam 
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Specimen B 
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Fig. 1 Open (conventional hot pressing) and closed 
(hot pressing with air-tight frame) heating 
systems for the fixation of compressed wood 
and the sampling pattern of specimens for 
determining the set recovery. 
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Fig. 2 Increases of temperature (A) and pressure 
(B) in the ari-tight frame during hot pressing 
with and without high frequency (HF) heat- 
ing. 

Note : Specimen size : refer to Fig. 1, 50% compres- 
sion set. 
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Fig. 3 The effects of closed and open heating sys- 
tems and high frequency (HF) heating on the 
set recovery of compressed wood. 

Note : Specimen : refer to Specimen A in Fig. 1, 
AD : conditioning at 90% RH (relative 
humidity) for one week, OD : oven drying at 
100 °C for six hours, B : two hours boiling. 
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Fig. 4 The effects of hot pressing along with high frequency heating on the recovery of 

compression set after water soaking and boiling. 
Note : Control specimens in the upper figure were heated by hot press for equal duration 

of heating (Control -time) and to the same temperature (Control -f- e mn ) a * wh P n HF 

heating was applied. 
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Fig. 5 The effects of the degree of compression set 
on the set recovery of high frequency heated 
compressed wood. 
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After boiling 
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Fig. 6 The effects of initial moisture content of the 
specimens on the set recovery of high fre- 
quency heated compressed wood. 
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The effects of edge restraint on the set recov- 
ery after boiling of high frequency heated 
compressed wood. 

* : Refer to Specime B in Fig. 1 for the 
measuring points of test specimens in the 
compressed wood. 
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The effects of end grain sealing on the set 
recovery of high frequency heated com- 
pressed wood. 



*3K*c©«*tt c * x&x-m&i&T-r % n. », Fig. 

V, Fig.5"C3SUfe3Bftk R|fllK|BI«jqHWS»*^ffi 

^ftTjfejmbTflES&^-rS^ fc*K#fc (Fig. 7 



V, ^St,©>«ti5* s Jqif|iJT^, ft»*lRl'v.©**f©# 

Fig.8«, JS»»[|liSc*MDar**#©*PMSIB 
1.5cmgSOffJSi^iK70%Ct5 - fc"T, *Ptf 

3fi©iHiiartia»*s<£»Kii/jNU farts&os^-tefcfs 

T$*. *Pf«fia*T*&— KUHXSPfUUJ: -5 kK* 
fcfc©T*«o CMci.D, **J±f4t©rta(5£E** 



3H"rt»*4!yii^rsBft«flEK±:#-r * - k*»Ts **: 

ft*.- ?B5JB*iu1l&tt, Sine, 7fC^r*3^S 

§Sfiteli6©#fb*»#eG£fb fc v». 

^a©£BB3fC^©«BSTH:. ^©ffljfcteJtSU, I* 
% (ft±**9ff$**5mmJUT> kJWfc (tfc-h* J ?> 
* j&s 5 mm JJLt) Efl- T BBfEMfti" * 

sks^n^o we »^©^5tc*j^T«, mm 
>ww3t©— sua. W7, 8 «xaj«¥f^Bfifls 

(*$gffl2E (A) (2)07556043) KioTff 



IK 



1) #±aKt,p^ii4ft-?,iss?&fii5,ao7c m 

W^-S^ No. 29, 54-61 (1993). 

2) #Sft$ffl : "XUfflv-f 9 nJftfSflgSflf",* 
*t*6£, 1986, p. 5. 

3) : 9 DiSMSiir , NTS, 

1994, pp. 172-259. 

4) Shibata, C, Kashima, T. f Ohuchi, K. : Jpn. J. 
Appl. Phys. 35, 316-319 (1996) . 



2 . Experiments 

2.1 Specimens 

Specimens were made of dried cedar tree (cryptomeria japonica D. Don) 
whose specific gravity were 0.34, average separation of growth rings was 3.6 mm 
and moisture content was 18 %. Sizes of the specimens were 60 mm (radial 
direction) X 100 mm (tangent direction) X 300 or 600 mm (longitudinal 
direction). Holes (diameter 16 mm and depth 50 mm) were bored in end faces of 
the specimens (see Fig. 1), and an optical fiber thermo sensor was inserted into the 
holes. 

2.2 Preparing Compressed Specimens 

V A press machine for compressing the specimens were manufactured. The 
machine had a high frequency generator (frequency: 13.56 MHz). Maximum load 
of the machine was 1.96 MN, and a size of hot plates was 750 mm X 550 mm. 
The machine formed compressed specimens by close- and open-heating. Thickness 
of the compressed specimens were 30 mm. High frequency waves (7 kW) were 
applied to the specimens for about 30 seconds to preheat the specimens until 
reaching temperature of 100 °C before compression. Then, the preheated 
specimens were compressed to prescribed sizes. Compressibility of the specimens 
were 50 % and 70%. The compressibility were adjusted by a distance bar and 
thickness of a closing frame. These jigs were made of a material called "Besu 
Thermo" (trade name, manufactured by Kabushiki Kaisha Nikko Kasei, Japan), 
which has superior high frequency resistance and heat resistance. Upon completing 
the compression, high frequency waves (5.6 kW) were applied to the specimens 
again until reaching their inner temperature 200°C. In this step, temperature of the 
hot plates were 200°C, and the high frequency waves were applied for 30 seconds 
four times with intervals of 15 seconds. It took about two minutes to apply the high 
frequency waves. An purpose of the intermittent radiation of the high frequency 
waves was to prevent destruction of the specimens caused by unacceptable 
pressure differences between inner pressure of the specimens and outer pressure 
thereof. The schedule was selected according to pre-experiments. When the 
specimens reached the object temperature, they were held for 2-8 minutes, then the 
hot plates were compulsorily cooled by running water. When the inner temperature 
of the specimens reached about 70°C, the specimens were released from the 
compressing force. It took about 20-30 minutes. Further, experiments including no 
high frequency heating step were executed. Two specimens were used for each 
experimental condition. 



2.3 Inner Temperature of Specimens & Inner Pressure of Closed System 

The inner temperature of the specimens were measured while heating the 
specimens by the optical fiber thermo sensor (FX-8000, manufactured by Adachi 
Keiki, Japan). On the other hand, inner pressure of a closed system was measured 
by a digital pressure sensor (VPMV-D-P-100.0K-1, manufactured by Kabushiki 
Kaisha Barukomu, Japan) equipped with a closing jig. 

2.4 Moisture and Heat Recovery Tests 

As shown in Fig. 1, two kinds of recovery tests "A" and "B" were executed. 
In the recovery test "A", two samples (size: 5 cmX 5 cm) were taken from a center 
part and an end part of the specimen. Hydroscopic tests, water absorption tests, 
boiling tests and drying tests were repeatedly executed with the samples. In each of 
the hydroscopic tests, the samples were left for seven days with relative humidity 
of 90 % or less; in each of the water absorption tests, the samples were soaked in 
water (20°C) for 48 hours; in each of the boiling tests, the samples, which had 
absorbed water, were boiled in water (98°C) for two hours; and in each of the 
drying tests, the samples were air-dried for one day or more, then they were dried 
for 24 hours by hot wind (40°C) and for 100°C by hot wind (100°C). In each of the 
tests, thickness R of the samples were measured so as to calculate degrees of 
recovery of the samples. The degree of recovery means percentage of an amount of 
recovery with respect to an amount of deformation. 

In the recovery test "B", the specimen was cut at 1 cm intervals to form 
samples, and the water absorption tests, the boiling tests and the drying tests were 
executed with the samples. In each of the water absorption tests, the samples were 
soaked in water (20°C) for one hour with reducing pressure, then the samples were 
left in the water for six hours; and in each of the boiling tests, the samples, which 
had absorbed water, were boiled in water (98°C) for five minutes. The drying tests 
were executed as well as the drying tests of the recovery test "A". Thickness of the 
samples which had been completely dried were measured. The thickness at an end 
part and a center part of each sample, with respect to a tangent direction, were 
measured (see arrows in Fig. 1). 
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